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Abstract 
Feedstock for biofuel production, carbon sequestration and wastewater treatment could be reached simultaneously by 
microalgae, which have been considered as a promising method to face global warming and energy crisis. A 
microalgae photo-bioreactor system was investigated in this study. The freshwater microalgae, Chlorella sp. and 
Scenedesmus obliquus sp., were cultivated in continuous system. The capacity of bicarbonate capture of a continuous 
microalgae photo-bioreactor system was tested in this study. The effects of bicarbonate on biomass concentration, 
bicarbonate removal efficiency, and the removal efficiencies of NH4+-N concentration were investigated. And the 
changes of pH, dissolve oxygen (DO) of the microalgae suspensions in the photo-reactor were also considered. The 
results show the NH4+-N concentration removal efficiencies reached above 80% during the continuous experiment. 
The pH and DO levels of microalgae suspensions were stably during the study. The highest HCO3- removal 
efficiency is 63.9%. The results indicate the HCO3- fixation capacity of the microalgae photo-bioreactor could reach 
0.015gL-1h-1. And the microalgae could grow by 0.41g (dry weight, DW) with capturing 1.0g HCO3-. In other word, 
producing 1.0g (DW) of microalgae could fix 2.42g HCO3-. 
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1. Introduction 
At alkaline pH, HCO3- is the dominant dissolved inorganic carbon species. Converting CO2 into HCO3- 
can reduce the high cost of CO2 compression for store and transport [1,2].Chlorella sp. and Scenedesmus 
obliquus sp. could utilize HCO3- directly or indirectly as their carbon source. During the batch cultivation, 
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the changes of bicarbonate concentration, nitrogen concentration and effects of O2 concentration, light 
condition on microalgae growth, etc. could be found [3,4]. However, the studies about the capacity of 
bicarbonate capture of the microalgae, Chlorella sp. and Scenedesmus obliquus sp., in a continuous 
microalgae photo-bioreactor system are scarce. Compared with microalgae CO2 fixation, using 
bicarbonate aqueous solution as the carbon source of microalgae is a desirable and economical option. It 
is worth studying microalgae HCO3- fixation in a continuous system. In this context, we aimed to discuss 
the capacity of bicarbonate capture of the microalgae, Chlorella sp. and Scenedesmus obliquus sp., in a 
continuous microalgae photo-bioreactor system. The relationship between microalgae growth and HCO3- 
capture was discussed.  
2. Materials and methods 
2.1. Microalgae strain and cultivation 
Mixed freshwater microalgae Chlorella sp. and Scenedesmus obliquus sp. were used as the 
experimental carbon sequestration algae. The culture medium used was aquatic NO.6 medium [6]. The 
components of this medium and its concentrations expressed in g·l−1were: NH2CONH2, 0.133; K2HPO4, 
0.032; MgSO4·7H2O, 0.100; KCl, 0.033; NaHCO3, 0.100; CaCl2, 0.036; FeSO4(aq;1%), 0.2ml; EDTA, 
0.009; MnSO4·H2O, 17×10−5; ZnSO4·7H2O, 29×10−5; CuSO4·5H2O, 25×10−5; H3BO3, 61×10−6; 
(NH4)6Mo7O24·4H2O, 13×10−6. In this medium, sodium bicarbonate was added as carbon source. 
2.2. A continuous microalgae photo-bioreactor system 
The continuous microalgae bio-reactor system was made up of influent pump, columnar microalgae 
bioreactor, filter tank and magnetic stirrer. The medium was transferred into the columnar bioreactor via 
influent pump at a constant speed. The effluent of microalgae suspension could pass over a weir and flow 
to a microalgae filter tank. The temperature was controlled at 30ć. Hydraulic retention time (HRT) was 
48h. Circular fluorescent lamp offered continuous illumination with the light intensity of 8000lux.  
2.3. Analytical methods 
The initial concentration of microalgae suspension in bioreactor was about 1000mg/L. The microalgae 
were cultivated in the bioreactor with a 12h light/12h dark cycle and 12h illumination interval. The daily 
samples were taken for the further analysis on the changes of CHCO3-, CNH4+, pH, DO, etc.. The pH and 
DO were measured by pH meter (DELTA320; 0.01) and DO meter (Sension8; 0.01) online, respectively. 
Dry weight was measured to determine biomass concentration. Headspace gas chromatography (HS-GC) 
was used to determine CHCO3-. Nessler’s reagent Spectrophotometric method was used to determine CNH4+. 
3. Results and discussion  
3.1. Changes of pH and DO 
The pH and DO are important indicators for microalgae growth and the performance of continuous 
bioreactor system. As shown in Fig.1, the microalgae suspension in the bioreactor had a pH around 9.0. 
During day10 to day12, the pH and DO values were decreased, as the CHCO3- of influent was in lower 
level. As decreasing below 7.5 in day12, the pH increased up to 9.0 after day13. The DO values were 
recorded at 9:00am and 21:00pm daily. The DO values in the dark phase were around 2.0 mg/L during 
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the 18 days. A strong correlation between pH and DO in the light phase can be read from Fig.1 and Fig.2. 
While the DO values in the light phase began to decrease from day10, and when the CHCO3- of influent 
was recovered to the normal level, the DO increased up around 14 mg/L. 
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Fig.1 pH changes in the continuous bioreactor system                Fig.2 DO changes in the continuous bioreactor system 
3.2. Changes of biomass concentration 
The microalgae biomass concentration is one of the key indicators of the continuous system. Whether 
the system could keep sustainable steady microalgae biomass concentration may affect the capacity of 
HCO3- capture of the system. As shown in the Fig.3, in first 9 days, the biomass concentration was around 
1000mg/L. when the CHCO3- of influent decreased, the microalgae didn’t gain enough carbon sources to 
grow and metabolize. When the CHCO3- of influent increased up to the normal level, unlike the pH and DO, 
the biomass concentration did not recover to 1000mg/L immediately. As reaching a minimum value of 
673mg/L in day12, it began to increase gradually and reached normal level in day16. 
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Fig.3 Changes of microalgae biomass concentration                     Fig.4 CHCO3- changes in the continuous system 
3.3. Changes of bicarbonate concentration 
The changes of CHCO3- are the direct indicators of the capacity of HCO3- capture of the system. As 
shown in the Fig.4, the CHCO3- of influent was in the steady state around 1500mg/L in first 9 days. Then 
from day10 to day12, the CHCO3- of influent decreased to 600mg/L. Then it recovered. The CHCO3- of 
effluent ranged from 500mg/L to 700mg/L steadily during the 18 days. Accordingly, the HCO3- removal 
rates remained stable at a good level, ranging from 57% to 63.9%, in first 9 days. From day10 to day12, 
the HCO3- removal rates were 5.4%, 3.0%, 2.4%, respectively. But when the CHCO3- of influent was in 
normal level (around 1400mg/L), HCO3- removal rates in the system could recover immediately. The 
system had a higher capacity of bicarbonate capture, when the CHCO3- of influent was around 1400mg/L. 
As shown in Fig.4, the HCO3- removal rates in light phase had a big difference to that in dark phase.  
the HCO3- removal rates in light phase could reached 63.9%ˈwhile the removal rates in dark phase were 
only 37.7% on average. The capacity of HCO3- capture was 0.018g/(L·h) in light phase and 0.012g/(L·h) 
in dark phase. So the capacity of HCO3- capture of the system would be 0.015g/(L·h). The microalgae 
could grow by 0.41g (DW) with capturing 1.0g HCO3-. 
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3.4. Changes of NH4+-N concentration 
Microalgae could capture HCO3- as well as NH4+-N. During the first 6 days, the CNH4+ of influent 
remained in the normal level (55mg/L). In order to discuss the NH4+-N elimination capacity of the system, 
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Fig.5 NH4+-N concentration of the influent and effluent and the changes of NH4+-N removal rates 
after day6, the CNH4+ of influent remained in the double level (110mg/L). As shown in the Fig.5, the 
CNH4+ of effluent remained around 10 mg/L stably, and the NH4+-N removal rates remained 80%. From 
day6, the CNH4+ of effluent became higher and increased to 20mg/L. But the NH4+-N removal rates 
increased to 85%. During day10 to day12, the removal rates were lower, which was caused by the lower 
concentration of HCO3-. So the system had a good capacity to eliminate NH4+-N. 
4. Conclusion 
The main objective of this research was to examine the capacity of bicarbonate capture of the 
microalgae, Chlorella sp. and Scenedesmus obliquus sp., in a continuous microalgae photo-bioreactor 
system. The pH and DO levels of microalgae suspensions were stable during the study. The results show 
that the NH4+-N removal efficiencies reached above 80% during the continuous experiment. The highest 
HCO3- removal efficiency is 63.9%. The results indicate that the HCO3- fixation capacity of the 
microalgae photo-bioreactor could reach 0.015gL-1h-1. The microalgae could grow by 0.41g (DW) with 
capturing 1.0g HCO3-. In other word, producing 1.0g (DW) of microalgae fixes 2.42g HCO3-. 
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